Abstract. Effective temperatures (T eff ) can be determined from (V − J) 0 , (V − H) 0 and (V − K) 0 colours that are derived from 2MASS magnitudes. This gives another way to estimate the T eff of faint blue halo stars (V < ∼ 15) whose temperatures are now usually deduced from (B − V) 0 . Transformations (adapted from Carpenter 2001b) are used to change colours derived from the 2MASS data to the Johnson system. T eff is then derived from these colours using an updated Kurucz model. Tables are given to derive T eff as a function of (V − J) 0 , (V − H) 0 and (V − K) 0 for a variety of metallicities and log g suitable for blue horizontal branch and main sequence stars. The temperatures obtained in this way are compared with those in the recent literature for various stars with 5 ≤ V ≤ 15 and T eff in the range 6500 to 9500 K; systematic differences are ∼100 K. An exception is the sample of BHB stars observed by Wilhelm et al. (1999) whose T eff are significantly cooler than those we derive by an amount that increases with increasing temperature.
Introduction
The determination of an effective temperature T eff is an essential preliminary to deriving the chemical abundances in a stellar atmosphere. If a moderately high resolution (λ/∆λ > ∼ 15 000) spectrum is available, several independent methods may be used to derive T eff from the spectra, and their inter-agreement can be used to assess their accuracy (e.g. see Kinman et al. 2000 , Table 7 ). For fainter stars, only a single broad-band colour such as (B − V) may be available to give an observational constraint on T eff . The relation between (B − V) and T eff has recently been discussed by Castelli (1999) for dwarfs and giants and also by Sekiguchi & Fukugita (2000, hereafter SF00) primarily for stars with T eff cooler than 7000 K. For hotter stars, (B − V) 0 becomes increasingly insensitive to T eff and the (B − V) vs. T eff relation is also quite sensitive to log g (see Table 1 ). Caution is needed therefore in the use of the (B−V) vs. T eff relation for stars hotter than 7000 K; not only must log g be well determined but the accuracy of the method decreases rapidly with increasing temperature (see Table 1 ).
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We therefore need another way to estimate T eff which can be used to check that derived from (B − V). A particular application is for metal-poor A-type halo stars with V < ∼ 15. An extensive discussion of empirical T eff calibrations has been given by . For earlier type stars, they prefer optical colour-indices to derive T eff because "the lower precision of much (V − K) photometry (from independent observations of V and K magnitudes) produces larger uncertainties in the T eff -colour relations". The 2MASS sky survey provides near-IR magnitudes in the J, H, and K s (K-short) wavebands for stars as faint as 15th magnitude and so in principle can provide another way to estimate T eff providing a sufficiently accurate V-magnitude is available. Obviously the stars must also not be variable or be composite. In this paper we investigate how well the 2MASS magnitudes can be used to derive T eff for fainter hot stars for which the use of (B − V) lacks accuracy.
In Sect. 2 we present the synthetic grids of colour indices used in this paper, which are based on the ATLAS9 (Kurucz 1993) models.
In Sect. 3 we compare the computed T eff vs. (V − K) 0 relation with the best-determined data for several nearby stars. This includes the "reference" T eff given by Smalley & Dworetsky (1995) and also the recent (V − K) 0 and T eff data published by Di Benedetto (1998, hereafter Di B98) , Blackwell & Lynas-Gray (1998, hereafter BL98) and Alonso et al. (1996, hereafter AAMR96) for main-sequence stars of solar metallicity. The assumptions that these authors have made In Sect. 4, we investigate the problem of transforming the 2MASS magnitudes to the Bessell-Brett (1988) homogenized system, so that they will be compatible with the T eff vs. colour relations from (hereafter BCP) that are computed in the same photometric system. Finally, in Sect. 5, we compare the T eff that are obtained from (V − J) 0 , (V − H) 0 and (V − K) 0 colours (using 2MASS data) with those obtained in previous investigations. We considered the hotter Hyades dwarfs extracted from the sample studied by de Bruijne et al. (2001) (Sect. 5.1); field blue horizontal branch (BHB) stars already studied by Kinman et al. (2000) in the optical region and by Castelli & Cacciari (2001) in the ultraviolet region (Sect. 5.2); a small number of blue metal-poor (BMP) stars taken from the sample studied by Preston & Sneden (2000) and Wilhelm et al. (1999) (Sect. 5.3) ; the BMP and BHB stars in the high-latitude field BS 15621 field among those studied by Wilhelm et al. (1999) (Sect. 5.4 ) and six of the outlying BHB stars in the globular cluster M 13 that were studied by Peterson et al. (1995) and for which reliable 2MASS data are available (Sect. 5.5).
The grids of synthetic colors
The synthetic grids of V JHK colours used in this paper are based on the ATLAS9 Kurucz models computed by Castelli with the overshooting option for the convection switched off (NOVER grids, Castelli et al. 1997) .
When (V − K) colours in the Johnson (J) system are considered, the NOVER RIJKL grids available at http://kurucz.harvard.edu were used, while when (V − J), (V − H), and (V − K) colours in the Bessell-Brett (BB) homogenized system are considered, the BCP NOVER grid of colours were used. We recall that for (V − K), the conversion from the J system to the BB system is (Bessell & Brett 1988) :
We used the BCP colours to generate two tables of synthetic indices (V − J) BB , (V − H) BB , and (V − K) BB vs. T eff . Table 2 gives T eff vs. colour relations specifically for BHB stars in the interval 7000 to 10 500 K for [M/H] = −1.0, −1.5, and −2.0. The T eff vs. colour relations were set up by assuming that log g satisfies the empirical relation:
log g = 4.375 log T eff − 13.967 (2) which we derived from the field BHB stars studied by Kinman et al. (2000) . This relation is compatible with the data for cluster BHB stars with T eff < ∼ 10 000 K discussed by Moehler (2001) . The colours versus T eff relations of Table 2 were obtained by interpolating in the synthetic indices for a given T eff and the specific log g derived from the above linear relation. Table 3 gives T eff for (V − J) BB , (V − H) BB , and (V − K) BB in the interval 6500 to 10 500 K for metallicities [M/H] = 0.0, −1.0, −1.5 and −2.0. This table is in two parts; the first for log g = 4.0 and the second for log g = 4.5. In both Tables 2  and 3 Table 1 shows the effect of gravity on the T eff vs. (V −K) BB relation indicating that it is at a maximum at 8000 K with ∆T eff = 123 K for ∆log g = 1.0. Figure 1 shows that this effect is of the same order as for the T eff vs. (V − J) BB and T eff vs. (V − H) BB relations. The effect of errors in the metallicity on the T eff vs. colour relations are not larger than those caused by gravity. Table 1 shows that, for (V − K), the largest difference in T eff produced by a [M/H] change of 1.0 is about 100 K. Figure 2 shows that this behaviour is similar for all the three colour indices. Houdashelt et al. (2000) have used updated MARC-SSG models to obtain colours on the Johnson-Glass system for stars with 4000 K ≤ T eff ≤ 6500 K. Their hottest model (6500 K) is somewhat cooler than the temperatures with which we are concerned in this paper. Nevertheless, it may be interesting to note that at this temperature, for log g = 4.0, [Fe/H] = 0.0, their relation gives a V − K = 1.047 compared with 1.079 for the BCP colors. Thus, at 6500 K, their model gives a T eff which is ∼56 K cooler than that given by BCP. Such systematic differences do not seem unreasonable considering the use of different atmospheric models and the different calibrations for the colours. 
Computed and empirical
T eff vs. (V − K) relations for dwarfs of solar
metallicity. The effect of the interstellar extinction
Any determination of T eff from a colour index depends crucially on how well we know the interstellar extinction A V , which is required for de-reddening (V − K) . In this section we discuss the effect of the interstellar extinction on the determinations of T eff from (V − K) for dwarfs of solar metallicity and compare T eff from models with the T eff from other determinations.
3.1. T eff from (V − K ) for bright stars with "reference" T eff
The effective temperature is obtained most directly from the Stefan-Boltzmann equation which relates T eff to the angular diameter θ and the total integrated flux at the earth ( f ⊕ ) of a star:
The number of stars for which angular diameters are available and from which "reference" T eff can be obtained is quite limited. A compilation of these "reference" T eff has been given by Smalley & Dworetsky (1995) 1 ; these include several stars with luminosity class V and IV-V and spectral types A and F. The "reference" T eff for these stars are given in Table 4 (Col. 4) and are compared with those derived from the RIJKL grids (Col. 5) using (V − K) 0 taken from Di B98 (Col. 8). We adopted the metallicity listed in Col. 7 and the gravity given in Col. 6. The agreement is generally good; the mean difference between the T eff from the synthetic colors and the "reference" T eff is −21 ± 50 K.
The two stars with the largest departures from the model predictions are α CMa and Sgr. We see from Cols. 9 and 10 in Table 4 that these stars have the largest differences between the E(B − V) estimated by two different methods; this suggests that the correction of (V − K) for the interstellar extinction may be a significant source of uncertainty in determining Table 4 . Data for bright luminosity class V stars with reference T eff . b Smalley & Dworetsky (1995) . c T eff from RIJKL grids using (V − K) from Col. 8. d Derived from polarization (see Appendix).
e Qiu et al. (2001) . Table 5 . Data for F dwarfs that lie within ∼50 pc. T eff . Column 10 is derived from the E(V − K) correction taken from Di B98, who assumes A v = 0.8 mag kpc −1 (or E(B − V) = 0.25 mag kpc −1 ). Column 9 gives E(B−V) derived from polarization data, as described in Appendix A. The E(B−V) derived from the polarizations (Col. 9) are essentially zero while those assumed by Di B98 tend to be larger.
T eff from (V − K ) for stars nearer than 50 pc.
Evidence is given in the Appendix A that the extinction for stars within 50 pc is generally quite low (E(B − V) = 0.0025). There are twelve F stars that are nearer than 50 pc (mean distance 25 pc) 2 whose T eff have been determined by both Di B98 and AAMR96. The mean difference between their estimates (Di B98 minus AAMR96) is very small (14 ±10 K). Thus these mean extinction corrections applied by Di B98 and AAMR96 2 HIP 39780, 40843, 50384, 57629, 57757, 60098, 71284, 72567, 73996, 75971, 76568 & 86032. (E(B − V) = 0.006 and 0.000 respectively) are too small to have a large effect on their calculated T eff .
We now consider another group of F stars that are closer than 52 pc (Table 5) for which we were able to derive E(B−V) from their polarizations (as explained in Appendix A). The E(B − V) of these stars is sufficently small so that the T eff derived by Di B98 should be little affected by his adopted E(B−V). We have taken the (V − K) from Di B98 and corrected it by the extinction derived from the polarization (Table 5 , Col. 8). These T eff and (V − K) 0 are plotted in Fig. 3 ; the case where the extinction is that used by Di B98 is shown by filled circles and the case where the extinction is derived from the polarization by open circles. The latter case agrees better with the colour vs. temperature relation given by the synthetic colors. Figure 3 shows that T eff from the synthetic (V − K) differs by less than 100 K from that given by the empirical relations taken from Di B98. However, the T eff from the models is systematically larger than the empirical T eff . The discrepancy between the T eff from the models and that obtained by BL98 using the Infrared flux method is somewhat larger. Table 6 and text). The filled circles correspond to the extinction used by Di B98 and the open circles to the extinction derived from the polarization. The lines show the relations derived from the RIJKL synthetic grid for solar metallicity and log g = 4.0 (full line) and 4.5 (dashed line). The dotted line is an empirical relation given by BL98.
It is also interesting that the difference between the two empirical T eff vs. (V − K) relations given by BL98 and DiB98 increases with decreasing temperature.
Bearing in mind the uncertainties in the extinction, we conclude that the relation between T eff and (V − K) 0 given by the models is consistent within 100 K with the best data that we have at this time for dwarf stars of solar metallicity.
Transformation of 2MASS magnitudes to the Bessell-Brett (BB) homogenized system
The 2MASS data used in this paper are from the Second Incremental Data Release (Cutri et al. 2000) . Thirty nine of the stars with (V − K) < 1.50 for which Di B98 gives K magnitudes on the TCS system have 2MASS K s magnitudes. For 18 stars
For the 21 stars with 0.50
We conclude that there is no significant colour term in the transformation and for all 39 stars we obtain:
The differences between the 2MASS and Di B98 magnitudes are shown in Fig. 4 where the error bars are those given for the 2MASS data alone; the differences seem reasonable since the Di B98 magnitudes have errors of about ±0.02 mag. In this plot, it seems that the differences are greater for the very brightest stars. No similar effect was found in a larger sample of these stars (Carpenter 2001a) and so no systematic magnitude effect is likely to be present.
Carpenter ( homogenized system (Bessell & Brett 1988) . Carpenter (Eq. (A1)) finds:
The difference between the constants in Eqs. (4) and (5) is greater than their quoted errors. We assume that this is an indication of the looseness of the definition of the Johnson system for hot stars (e.g. Fig. 1 of Di B98). In this paper we have chosen to adopt Eq. (4) and so have:
Using Carpenter's Eqs. (A4) and (A3), we further obtain:
Hawarden et al. (2001) have given a list of faint IR standard stars on the UKIRT system. Seven of these are blue (−0.01 ≤ (B − V) ≤ 0.020) and have 9.9 < K < 13.5 and have 2MASS magnitudes. The mean differences in the sense 2MASS minus UKIRT magnitudes for these seven stars are:
where the quantities in parentheses were calculated from Carpenter's transformation Eqs. (38), (40) and (41). The agreement is satisfactory and shows that the 2MASS magnitudes for fainter and bluer stars are on the same system as for the brighter stars and that their quoted errors are realistic for these relatively faint stars. (Turon et al. 1992) . c On the Bessell-Brett system.
T eff from the 2MASS color indices and comparison with other determinations
In this section we take a number of recent determinations of T eff and compare them with those obtained from colours determined from the 2MASS magnitudes after transformation to the Bessell-Brett system using Eqs. (5)- (7) in Sect. 4. In making comparisons with other determinations of T eff we have chosen cases in which the correction for interstellar extinction is not a major source of uncertainty (in general, E(B − V) ≤ 0.05 mag).
T eff for Hyades dwarfs
The Hyades cluster is sufficiently close (mean distance ∼45 pc) that we can assume that E(B−V) = 0.0. In their Hipparcos study of this cluster, de Bruijne et al. (2001) have given T eff for main sequence stars (4.33 ≤ log g ≤ 4.36) which are based on two recent calibrations of the T eff versus (B−V) relation: (1) in combination with Alonso et al. (1996) and (2) Lejeune et al. (1997 Lejeune et al. ( , 1998 . We have used the eleven hottest of these Hyades stars (T eff > 6500 K) for which 2MASS magnitudes are available. Table 6 lists the stars and their T eff and log g according to de Bruijne et al. (2001) . Their V magnitudes were taken from the Hipparcos Input Catalogue (Turon et al. 1992 ) and the 2MASS magnitudes were transformed to the Bessell-Brett system with Eqs. (5)- (7). The quoted errors of both the V and the 2MASS magnitudes were used to determine the errors of the colours. These data, given in Table 6 , are compared in Fig. 5 with the computed T eff vs. colour relations for log g = 4.0 and 4.5 that are given in Table 3 ; the agreement is generally satisfactory. The mean difference between the observed and the synthetic colours for the temperatures adopted 
T eff for nearby Blue Horizontal Branch stars
2MASS magnitudes are available for thirteen out of the twenty nine nearby BHB stars that were discussed by Kinman et al. (2000) (KCCBHV); these thirteen stars are listed in Table 7 . Table 3 for log g = 4.0 and log g = 4.5, respectively.
The observed dereddened colour indices (V − J) BB0 , (V − H) BB0 and (V − K) BB0 given in Cols. 7, 9, and 11 were obtained from the observed 2MASS magnitudes (Cols. 3-5) using the the transformation equation given in Sect. 4, the reddening E(B − V) given in Col. 6 and the following reddening relations obtained from Mathis (1999) 
We used Table 2 to derive T eff from the dereddened colour indices. According to KCCBHV the abundances of the α-elements are enhanced by about 0.4 dex over the iron in these stars. Since the red colour-indices of these stars have a weak dependance on their metallicity (Fig. 2) , we adopted the synthetic colours of Table 2 which were computed from non-α-enhanced models. We also adopted the metallicities listed in Col. 2 of Table 7 ; these are close to those obtained by KCCBHV.
In Fig. 6 we compare the T eff derived from (V − J) BB0 , (V − H) BB0 and (V − K) BB0 (using Table 2 ) with the T eff from the literature taken from KCCBHV, Adelman & Philip (1990 1994 and Gray et al. (1996) . All these temperatures are summarized in Table 13 of KCCBHV. If T J is the effective temperature derived from Table 2 for a BHB star of known (V − J) 0 and [M/H], then we define the difference ∆T J as the T eff for the BHB star given in the literature minus T J .
The differences ∆T H and ∆T K are defined similarly. These differences are shown plotted against T JHK in Fig. 6 , where T JHK is the weighted mean of T J , T H and T K 3 . In the case of the KCCBHV temperatures, these differences are shown by filled circles and the mean values of ∆T J , ∆T H and ∆T K are are +58 ± 44 K, +110 ± 45 K and +79 ± 40 K respectively. The corresponding rms deviations are 153 K, 157 K and 137 K. The error bars of ∆T J , ∆T H and ∆T K in Fig. 6 take into account the quoted errors of T eff given by KCCBHV and the quoted photometric errors of the 2MASS observations.
The open circles in Fig. 6 are similarly derived from the T eff given by Adelman & Philip (1990 , 1994 and Gray et al. (1996) . In this case, the mean values of ∆T J , ∆T H and ∆T K are −122 ±95 K, −25 ±119 K and −66 ±92 K respectively and the corresponding rms deviations are 286 K, 356 K and 277 K. When T eff from Castelli & Cacciari (2001, hereafter CC) are considered the mean values of ∆T J , ∆T H and ∆T K are +90 ± 50 K, +158 ± 50 K and +129 ± 37 K respectively and the corresponding rms deviations are 167 K, 165 K and 121 K. Table 8 compares T JHK with the T eff from KCCBHV (which is based mostly on optical data) and those from CC (based on IUE ultraviolet energy distributions). The mean of the differences (Col. 5) between the KCCBHV T eff and the weighted mean T JHK is +93 ± 37 K with an rms deviation of 127 K. The mean of the differences (Col. 6) between the CC T eff and the weighted mean T JHK is +138 ± 37 K with an rms deviation of 122 K.
These BHB stars are at distances of several hundred parsecs and at various galactic latitudes, so the uncertainty in their E(B − V) is at least 0.01 mag. This corresponds to an uncertainty of about 50 K at 7500 K and 180 K at 9000 K in the derived temperatures. Bearing this in mind, the agreement between previously derived values of T eff for BHB stars and those derived from the 2MASS data seems satisfactory.
T eff for blue metal-poor stars (12 ≤ V ≤ 14 )
The blue metal-poor (BMP) stars were originally defined by Preston et al. (1994) as having 0.15 ≤ (B − V) ≤ 0.36, log g ≈ 4 and [Fe/H] < −1. They are presumed to be the same as the "Class A" stars found by Kinman et al. (1994) . Preston & Sneden (2000) have obtained echelle spectra of sixty-two of their BMP stars and shown that a high proportion are singleline binaries and likely to be blue stragglers; only 44 of their sample have [Fe/H] < −1. Preston & Sneden derived a preliminary effective temperature from a T eff vs. (B − V), [Fe/H] relation and then adjusted it so as to minimize the variation of the calculated abundance with respect to excitation potential. We picked five of their hottest stars for which 2MASS data are currently available; they are listed in Table 9 and also in  Table 10 which gives their log g, [Fe/H] and V from Preston & Sneden (2000) . We used the procedure described in Sect. 5.2 to obtain T J , T H , T K for each star from the 2MASS data using Table 7 . Temperatures T J , T H , and T K for BHB stars derived from Table 2 and 2MASS colours. Table 3 and thus derived T JHK . The colours of these stars were de-reddened using the E(B − V) of SFD (Table 9 , Col. 6). Table 10 compares the T JHK temperature with those from Preston & Sneden (2000) and with those from Wilhelm et al. (1999) who also observed the same BMP stars using UBV photometry and low resolution spectra.
The mean difference between the Preston and Sneden T eff and our T JHK is −63 ± 119 K and the rms deviation of these differences is 237 K. The mean difference between the T eff of Wilhelm et al. and our T JHK is +137 ± 157 K; the rms deviation of these differences is 314 K. The mean difference between the Preston & Sneden T eff and those of Wilhelm et al. is −200 ± 168 K and the rms deviation of these differences is 335 K.
The agreement between the T JHK and these previous T eff is satisfactory, if we take into account their binary nature and that they are probably all photometric variables. Their V-amplitudes (when known) are given in the footnotes to Table 10 . Our use of non-simultaneous optical and infrared magnitudes will clearly produce errors in our temperatures and we have tried to take these and other photometric errors into account in calculating the errors for our T JHK . We have not taken into account any other errors such as those in our estimated E(B − V). The random errors of both our T eff and those of Preston & Sneden are probably about 150 K, while for Wilhem et al. they are probably ∼300 K. The systematic difference between our temperatures and those of Preston & Sneden is not significant. Wilhelm et al. (1999) in field BS 15621 Wilhelm et al. (1999) have given T eff for large numbers of both BMP and BHB stars. We have chosen one of their fields (BS 15621) for which both E(B − V) is low and 2MASS data are available. We evaluated T J , T H , T K and the weighted T JHK for the BMP and BHB stars in this field as described in Sect. 5.2; the results are shown in Table 11 . Our adopted log g and metallicity [M/H] are given in Table 11 , Col. 2. The adopted E(B − V) (Table 11 , Col. 6) are taken from SFD and do not differ greatly from those assumed by Wilhelm et al. (Table 12 , Col. 5). We interpolated in Table 3 for the BMP stars and in Table 2 Wilhelm et al. (1999) . The difference ∆T between the T eff of Wilhelm et al. and our T JHK is shown plotted against T JHK in Fig. 7 . The errors for ∆T in this plot assume an error of 300 K for the T eff of Wilhelm et al.. The mean difference < ∆T > for the BMP stars is +249 ± 74 (K) which is comparable with the difference found for the other BMP star data of Wilhelm et al. (1999) and which we discussed in Sect. 5.3.
T eff for BMP and BHB stars observed by
In the case of the BHB stars the mean difference < ∆T > is −504 ± 211 (K) and ∆T becomes increasingly negative as T JHK increases. We note that in the case of the four BHB stars whose T JHK exceeds 8000 K, the log g assumed by Wilhelm et al. (1999) are significantly less than those predicted by Eq. (9) for the T JHK .
An inspection of the T eff that Wilhem et al. derive for BHB stars show that they are cooler than might be expected; thus 9% are less than 7000 K, 50% between 7000 and 8000 K, 36% between 8000 and 9000 K and 5% greater than 9000 K. Also, the (B − V) 0 of a few of the coolest of these stars suggests that they may be RR Lyrae stars or even (e.g. CS 16027-0049 with (B − V) 0 = 0.54 and T eff = 6200 K) that they belong to to the red horizontal branch. We would expect the BHB stars to have T eff that range from 7600 K corresponding to (B − V) 0 ∼ +0.20 at the blue end of the instability strip to temperatures greater than 10 000 K. It therefore seems that systematic errors may be present in the T eff of their whole BHB sample. A further investigation of this is published elsewhere (Kinman & Miller 2002) and shows that the trend shown for the BHB stars in Fig. 7 is present in a much larger sample and is related to the difference between the log g used by Wilhelm et al. (1999) and that predicted from T JHK and Eq. (2).
5.5. The BHB stars in the globular cluster M 13 Peterson et al. (1995) have determined T eff for BHB stars in the globular cluster M 13. 2MASS data are available for these stars but the errors in the 2MASS K s magnitudes are too large for reliable colours to be derived from them. We used the V magnitudes of Cudworth & Monet (1979) and E(B − V) from SFD and assumed [Fe/H] = −1.5 to derive T eff using Table 2 . These T eff are compared with those of Peterson et al. in Table 13 . The errors for T J and T H were derived by assuming an error of 0.03 mag in V and the quoted errors for the 2MASS magnitudes. The difference between the T eff of Peterson et al. and the mean of T J and T H is given as ∆T eff in Col. 9. Its mean value < ∆T eff > = +152 ± 154 and the rms deviation of these differences is 344 K. Considering the faintness of these stars and consequently the relatively large errors in the colours and derived temperatures, this agreement is satisfactory. As Peterson et al. point out, there is significant uncertainty in the V-magnitudes of these stars which could produce a systematic 
8649 ± 73/3.20/−1.5 8800/3.20/−1.63 8750/3.0/−1.75a +151 +101
a Kinman et al. (2000) . b Castelli & Cacciari (2001) . Table 9 . Temperatures T J , T H , and T K for blue metal poor stars derived from Table 3 and 2MASS colours. Preston & Sneden (2000) . b Data taken from Wilhelm et al. (1999) . c Light amplitude ∆V ∼ 0.01 mag (Preston & Landolt 1999) . d Light amplitude ∆V < 0.01 mag (Preston & Landolt 1999) . e Light amplitude ∆V = 0.12 mag (Preston & Landolt 1999) . f Light amplitude ∆V = 0.04 mag (Preston & Landolt 1999) . a Adopted values for interpolation in Tables 2 and 3. error in the resulting temperatures. There is no indication, however, of differences ∆T eff as large as those found for the field BHB stars observed by Wilhelm et al.
Conclusion
The "reference" temperatures taken from Smalley & Dworetsky (1995) for six stars are compatible within the errors with T eff derived from the T eff vs. (V − K) 0 relation taken from the grids of synthetic colours RIJKL computed by Castelli and available at the Kurucz web-site. For four out of the six stars the differences between the reference T eff and T eff from (V − K) 0 is less than 100 K. The same is true for a sample of ISO standards which have temperatures that Di Benedetto (1998) derived with empirical methods. The accuracy is limited by the uncertainty in the correction for interstellar extinction (see Appendix A) and by the looseness of the definition of the Johnson photometric system for hot stars.
We give T eff as a function of the colours (V − J) 0 , (V − H) 0 and (V − K) 0 (Bessell-Brett system) for various metallicities and log g appropriate for (a) BHB stars and (b) main sequence stars in Tables 2 and 3 respectively. The data in Table 3 are appropriate for the BMP (or class A) stars that make up a substantial fraction of the blue stars in the galactic halo.
We give relations by which the colours derived from V and the 2MASS magnitudes may be converted to the Johnson system so that the transformed colours may be used (with Tables 2  or 3 ) to derive T eff . Satisfactory agreement was found between these T eff and those found for (a) Hyades dwarfs (b) local BHB stars (c) BMP stars and (d) BHB stars in the globular cluster M 13. We therefore conclude that this use of the 2MASS data affords a practical way of getting T eff for blue halo stars in the magnitude range 5 ≤ V ≤ 15. The accuracy is at least as good as that obtainable from (B − V) 0 .
While the T eff derived by Wilhelm et al. (1999) for their BMP stars are in reasonable agreement with ours, the T eff which they derive for their (generally hotter) BHB stars are Wilhelm et al. (1999) . Table 6 of Peterson et al. (1995). significantly smaller than ours and the difference increases with increasing temperature. The distribution of the T eff in their sample of BHB stars suggests that such differences are present in their whole sample of BHB stars. This is confirmed by Kinman & Miller (2002) who find that the differences between their T eff and T JHK are related to their choice of log g. As a consequence, the [Fe/H] that Wilhelm et al. derive for their BHB stars are, on average, ∼0.4 dex too metal-poor. The accuracy of the E(B − V) determined from the intrinsic colours of hot stars is limited by the intrinsic spread in the colours of these stars (e.g., the dependence of colour on rotational velocity, Gray & Garrison 1987) .
Interstellar dust can also be detected by the polarization that it produces. The precise polarization measurements of Tinbergen (1982) of 180 stars within 35 pc showed that in general the visual extinction (A v ) is 0.002 mag or less within this region. He did find relatively strong polarization (indicating A v ≈ 0.01 mag), however, in stars in a region out to 20 pc in the direction bounded by galactic coordinates l = 350
• to 20
• and b = −40
• to −5
• and a few other isolated directions. This generally low extinction has been confirmed by Leroy (1993b) whose catalogue (Leroy 1993a) gives the polarizations of stars within about 50 pc. The 92 stars in this catalogue with distances between 45 and 55 pc 4 have a mean percentage polarization of 23 ± 2 ×10 −5 . Using Tinbergen's conversion factor, this corresponds to a E(B − V) of 0.0025 ± 0.0002 mag.
In Sect. 3.3, we consider ten F dwarfs that lie within 52 pc. Polarizations are given for two of these stars (HD 3268 and HD 182807) in Leroy (1993a) . For the remainder, the polarizations were assumed to be similar to stars at a comparable distance and as closely as possible the same part of the sky. These polarizations were converted to E(B − V) and are shown plotted against distance in Fig. A.1 . These E(B − V) are comparable with the mean value at 50 pc (discussed above) which is shown by the open circle. We conclude that none of these F dwarfs are in regions of unusually high extinction and that it is reasonable to derive their extinctions (Col. 8 in Table 5 ) from their polarizations. These E(B − V) are significantly less than those adopted by Di B98 (Col. 7, Table 5 ). 4 Excluding stars where the error in their percentage polarization exceeds 30× 10 −5 and five stars with intrinsic percentage polarizations that exceed 125 × 10 −5 . The interstellar Ca  K-line is also an indicator of interstellar material, but its equivalent width correlates only weakly with E(B − V) as is shown in Fig. A.2b where the data is taken from Welty et al. (1996) . Some of the scatter may well be caused from errors in the E(B − V) which were calculated assuming intrinsic colors. The scale height of the Ca  K-line equivalent widths is of the order of 1 kpc (Beers 1990 ) which is significantly greater than that of the optical extinction and so a tight correlation is not expected. The plot of the Ca  K-line equivalent width against distance shown in Fig. A .2a (using data from Welty et al. 1996 and Vallerga et al. 1993) shows that the line only appears in strength for stars at distances greater than 50 kpc. The only exceptions to this are stars in Ophiuchus and 2 And for which Tinbergen found significant polarization; presumably these are behind isolated local clouds. Thus the evidence from the Ca  K-line also suggests that the region out to 50 pc is relatively clear.
Far UV lines such as those of Mg  are also observable in such nearby stars as Sirius and Procyon in which the Ca  Kline is not observed. Frisch (loc. cit.) uses this Mg  strength to show that the N(H  + H ) column densities in front of Sirius and Procyon are 3.0 × 10 17 and 1.1 × 10 18 cm −2 respectively. This assumes the same N(Mg )/ N(H  + H ) ratio as for η UMa (42 pc) for which the hydrogen column density is known. If we assume that N(H  + H )/E(B − V)= 4.9 × 10 21 cm −2 mag −1 (Diplas & Savage 1994) , then the E(B − V) for Sirius and Procyon are 0.00006 and 0.00022 respectively. Frisch notes that data on the EUV spectrum of the white dwarf companion to Sirius give a hydrogen column density that is an order of magnitude greater than that derived above. Even so, the E(B − V) of Sirius would be ≈0.001. The E(B − V) of Sirius and Procyon that are derived from their polarization are 0.0018 ± 0.0013 and 0.0005 ± 0.0009 respectively which are consistent with the low extinctions derived from the Mg  line estimate. It has therefore seemed reasonable to use the E(B − V) derived from their polarizations for the bright stars (Sirius, Procyon etc.) described in Table 2 .
